Public universities are currently facing a challenge in determining how to deliver quality instruction in the face of severe fiscal constraints. With recent technological advances, courses streamed over the Internet (i.e., lecture capture) are now becoming common. However, little research has been published that specifically examines student performance or perceptions of lecture capture courses.
Public universities are currently facing a challenge in determining how to deliver quality instruction in the face of severe fiscal constraints. With recent technological advances, courses streamed over the Internet (i.e., lecture capture) are now becoming common. However, little research has been published that specifically examines student performance or perceptions of lecture capture courses.
This study examined student performance, student satisfaction, and student evaluation of instruction in two large (N>300) introductory Economics course sections. One section employed traditional face-to-face instruction, while the other employed lecture capture (LC). In this case, lecture capture refers to storing videos of actual course lectures on the college's computer server and making them available to students via the course website. Students may view these videos at their convenience, as often as they wish. The instructional methods, assignments, exams, and instructor were the same for each section over two consecutive semesters. At the end of each semester, participating students were asked to complete an online course satisfaction survey. Standard university course evaluations were also compared to examine instructor ratings in the two course delivery conditions. The results showed no significant differences in student performance across the two delivery formats. Results did show a higher withdrawal rate in the LC sections compared to the face-toface sections (5.1% to 1.9%). Student perceptions of LC were quite positive. Students perceived that they had more control over their learning than in a traditional face-to-face course, and more students believed that LC enhanced their performance, compared to those who thought that it did not. Eighty percent indicated that the LC course was as good as or better than a traditional large lecture course taught face-to-face, and 73% reported that they would choose to take another LC course. The flexibility and convenience of LC were what students liked the most. Finally, students in the LC format actually gave the instructor slightly higher ratings than those in the face-toface sections, even with all readings, assignments, and exams being the same.
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Introduction
Public four-year colleges are facing fiscal constraints not seen in years as a result of declining state tax revenues and declining funding to state university systems. For large and growing institutions, such as the University of Central Florida (UCF) with over 58,000 students, high enrollment has led to ever-larger class sizes. Combined with hiring restrictions, this environment has brought to the forefront the challenge of how best to deliver quality instruction to our students in the face of the financial burdens placed on a state-funded university.
Fortunately, this challenging fiscal position has come at a time of rapid improvements in technology, making possible the introduction of technology-based platforms for large class-size instruction. The use of video-streaming or lecture capture (LC) instruction offers a cost-effective method for dealing with current fiscal constraints and large class sizes. In addition to taking advantage of economies of scale in the provision of course instruction, LC also gives students more flexibility in the timing of when to receive the instruction, and it provides them the opportunity to repeat all or part of the lectures to clear up any points they may find confusing. This flexibility can be critical for the success of students, especially those who have jobs or a family.
Given the fiscal constraints on one hand, and the affordance of LC technology on the other, the question arises as to how this technology-based instruction affects the quality and the effectiveness of the service being provided. This paper addresses this question of whether technologybased LC instruction is as effective in transferring knowledge to students as the traditional faceto-face delivery of large introductory classes. That is, do students in LC course delivery perform as well as students in traditional face-to-face courses?
Previous Evidence
With many universities introducing LC delivery, there is growing research on the effectiveness of this method of instruction, although such reported research work is still sparse. The broader research literature on distance learning over the years has typically found no significant differences in student performance for the various instructional delivery modalities used. Figlio, Rush, and Yin (2010) provide a useful summary of research results on this question up to this point; none of the studies surveyed by Figlio et al. (2010) included randomly-assigned students taking a fullterm course, with live versus on-line instruction, in settings that could be directly compared (such as similar instructional materials and delivered by the same instructor). They conclude that "the relative benefits of live versus online education is therefore tenuous at best" (footnote, p. 4). Most research on distance learning or online learning was at best "quasi-experimental" -with attempts at controlling variables in a cross-sectional setting. Recent studies have generally found no significant differences in student performance between online and face-to-face courses (e.g., Arbaugh, Godfrey, Johnson, Pollack, Niendorf, & Wresch, 2009; Gratton-Lavoie and Stanley, 2009; McFarland & Hamilton, 2005; Means, Toyama, Murphy, Bakia, & Jones, 2009; Russell, 2006; Sitzmann, Kraiger, Stewart, & Wisher, 2006) . Arbaugh et al. (2009) observed that performance differences appear to be decreasing between online and face-to-face courses as instructors and students become more familiar and comfortable with the online delivery technologies. Sitzmann et al. (2006) did find support for online course instruction when unique or multiple learning approaches were employed, and especially when the courses were long, giving students enough time to adapt to the online technologies. Students also performed better when they had more control over their learning, including opportunities to practice, and when they received relevant feedback. However, their overall conclusions supported Clark (1983 Clark ( , 1994 , who found that the type of delivery technologies used were not as important to learning as the instructional design and student characteristics. He has criticized media effectiveness research for the lack of good experimental design, and for the failure to isolate learning factors that are unique to a single medium. Also, some researchers have argued that although it is hard to isolate specific instructional attributes that affect learning, delivery approaches that possess multiple instructional attributes can contribute positively to learning (e.g., Kozma, 1994) .
Although student performance in online courses has generally been found to be equivalent to face-to-face instruction, Navarro (2000) and McLaren (2004) found higher withdrawal rates in online courses. McLaren's (2004) results showed that many more students dropped out of the online course sections, but for those that completed the courses, the grades were similar between the two groups.
However, there is little research to date that has been published which specifically examines student performance and perceptions of courses that specifically employ lecture capture (LC) course delivery using video streaming technologies. In Allen, Mabry, Mattrey, Bourhis, Titsworth, and Burrell's (2004) review of communications technologies (of which video streaming was included), they found that these technologies may improve student learning. Other research has shown that using communications technologies and multimedia increased students' attention, attitudes, and interest in their courses (e.g. Lehman and Brichner, 1996; Sanders & Morrison-Shetlar, 2001; Wise & Groom 1996) . Cascaval, Fogler, Abrams, and Durham (2008) found that video lectures appear to help student performance because the videos can be viewed repeatedly, which helps to explain instructional content that students may have had trouble understanding the first time. Craig, Gregory, El Haggan, Braha, and Brittan-Powell (2009) found that student performance and retention also improved with lecture capture-enhanced courses compared to face-to-face alone. Dey, Burn, and Gerdes (2009) examined student performance and perceptions in live vs. online video lectures in an undergraduate physics course designed for non-majors. They found that students in the online conditions produced scores that were significantly higher than the live group on a transfer-ofknowledge question provided at the end of the session.
Focus of the Present Research
Our research study examined students' performance, perceptions, and withdrawal rates in two sections of an undergraduate Principles of Macroeconomics course, collected over two semesters.
In each of the semesters, one course section (i.e., one group of students) was taught in a traditional, face-to-face setting, while the other section employed lecture capture with recorded lectures available to students over the Internet using video streaming. Students in both sections were also asked a number of questions concerning their perceptions of their learning experience, and LC students were also asked questions about the technical aspects of the lecture capture system and video display. A summary of the pertinent LC related questions and student responses are provided in Table 1 . Finally, we were curious about overall student ratings of the instructor in these two delivery modalities, since these ratings were readily available. 
Methodology
As mentioned in the preceding paragraph, one course section was taught in a traditional, face-toface setting, while the other section employed lecture capture. Both sections were taught over two consecutive semesters (Fall 2009 and Spring 2010) . Thus, the same instructor (the first author) taught all four course sections (one face-to-face section and one LC section each semester). The same course materials, problem sets, and exams were used in each of the four sections.
Lecture Capture Course Aspects
Lecture capture courses were taught in a 280-seat multi-media classroom. The lectures were streamed almost immediately (there was approximately a 30 second delay). Thus, students could watch the lecture nearly live on their computers, if they wished. The LC section enrollment was 565 and 647 students, respectively, for the two semesters. These students were given the option to attend the live origination section on a first-come, first-served basis, but only about 10% of students regularly attended.
The lectures were recorded on video and placed on the course website, which students may go to at their convenience. They had unlimited viewing opportunities during the semester. The videos have standard controls, such as pause, replay, and fast forward, as well as varied playback speeds, and can be downloaded to portable devices such as MP3 players.
Student enrollment in the face-to-face course sections was 377 and 318, respectively, for the two semesters. These students did not have access to the videos through their course, although it is possible that some may have gained access through friends who may have taken the LC sections. There was no way to measure this possibility, but we think the number is small.
During registration, students could choose between the LC course section and the face-to-face delivery format, but there was no random assignment. All sections met three hours per week. The LC sections employed a live origination session, with fresh lectures given each semester. LC students could opt to attend these sessions and/or they could watch the videos from wherever they had an Internet connection and watch multiple times, if desired. The lectures that were recorded and made available to students via the Internet were the actual lectures that the instructor gave in the live 280-seat classroom. Nothing was added or changed to the recorded lectures.
Identical instructional methods, exams, homework, and course policies were used in both delivery formats. Classes consisted of a combination of PowerPoint lectures and "chalk and talk." Four multiple-choice exams, given on the main campus in a testing lab, comprised 75% of the final grade. This was the only time that an LC student was required to come to campus for the course. The other 25% grade component came from Aplia, an online homework program.
Equipment
The multimedia recording/lecture capture classroom employed three cameras, including two broadcast quality television cameras that were used to record the lecture, whiteboard, etc. The third was a standard document camera. A portable microphone system that allows up to eight individuals to speak at the same time was used to capture audio throughout the classroom, when students attending the live lecture responded to the instructor or asked questions.
The video feed was sent to the production booth at the back of the classroom, where the signals were split and directed to various workstations for recording, editing, back-up, and delivery. One version of the recording was converted and edited to be placed in the on-demand section of the college's media server, where students could access it at their convenience.
Student Characteristics
Student characteristics are provided in Table 2 . The mean age of the students, averaged over both semesters was 20.5 years for the LC group and 19.5 for the face-to-face group. Thus, the LC students are, on average, slightly older than the face-to-face students. Interestingly, the gender of the face-to-face sections was split 50-50 females to males, while the LC sections were 56% female. The LC students in this course also tend to have more juniors and seniors than the face-to-face sections. However, in all sections, at least 65% of the students consisted of freshmen and sophomores. Many of our students were employed either full or part time, although a higher percentage of the LC students were employed (53% LC to 36% face-to-face). Moreover, three times as many LC students (12%) were employed full-time compared to face-to-face students (4%). These demographic results tend to support earlier research on online learning in which those students tend to be older, employed, and may have more females.
We could not randomly assign students into the two course delivery formats, because we would have had to change the university's course registration process, the course catalog, etc. However, demographic performance related variables indicate that the two groups of students were quite similar (Table 2 ). There were no significant differences in high school GPA, total SAT score, and total ACT score between the students in the two delivery conditions. There was a statistically significant difference in university GPA, with the face-to-face group GPA being only slightly higher (3.11 to 3.04). These results are also are quite consistent with those found by Figlio et al. (2010) . Thus, we are confident that the two groups are close enough academically to compare their academic performance in these two delivery formats.
Results

Student Performance
Student performance, instructor evaluations, and student perceptions data were collected during the fall 2009 and spring 2010 semesters. Only those students who completed the survey, giving their consent to participate in the study, were included in the analyses. The results obtained generally support the bulk of previous literature. There was no significant difference in the final course grade between LC and the traditional face-to-face course delivery. The same result was found on the final exam performance across the two delivery modes (see Table 3 ). A multivariate analysis of variance with final exam and course grade as dependent measures, and delivery format as the between groups variable revealed no significant main effects or interactions. Students who withdrew from the course were also identified, excluding those who withdrew for medical reasons. LC courses may be more challenging for students who choose not to attend the face-to-face section because students have to be motivated and disciplined to view the videos and complete the assignments on their own time. It should be noted that the Aplia online homework assignments were required by students in both delivery conditions, to be completed on their own time, and each assignment had a specific due date. Thus, examining course withdrawal rates was also considered to be very important. If a large percentage of students withdrew from the lecture capture section compared to those in the face-to-face section, then this would indicate a problem with lecture capture that may not be reflected if only the results of students who completed the course were examined (e.g., McLaren, 2004; Navarro, 2000) . Our results show that combined over the two semesters 13 of 695 (1.9%) face-to-face students withdrew from the course, and 62 of 1,212 (5.1%) lecture capture students withdrew. Thus, our results show a higher withdrawal rate in the LC course sections compared to the face-to-face sections, which is consistent with the findings of Navarro (2000) and McLaren (2004) . LC courses require more discipline because students must watch the lectures, attend to the instructional materials, and complete coursework on their own time, and it is likely that freshmen and sophomores, in particular, may find this medium more difficult. In our case, with most everything being equivalent, the only real difference is that students need to find the time to watch the lectures on their own. However, students must be motivated to watch these lectures when they do not have a course schedule that requires them to be in a classroom at a set time every week. With that said, the withdrawal rates for both delivery formats were still quite low.
Student Perceptions of Lecture Capture.
An online student perceptions survey was provided to students in both sections near the end of each semester, although questions varied based on course delivery type. The main goal of the LC survey was to learn how students felt about various aspects of these courses and video streaming specifically, including overall satisfaction levels, viewing preferences, and perceptions of technological features. If students seriously disliked lecture capture, then using this delivery approach extensively would likely be problematic for both students and faculty over the long run, even if performance was acceptable.
The student perceptions survey for the LC group looked at a number of issues related to lecture capture, such as where and how often the videos were watched and quality of the technical aspects. Table 1 provides a summary of the pertinent survey results. Initially, students were asked to describe the primary location that they watched the video lectures. Eighty-five percent watched the lectures from their home, apartment, or dormitory room, and approximately seven percent watched from an on-campus location with Internet access.
The next question looked at students' video viewing habits. According to their responses, the majority (51%) of the students in lecture capture courses appear to be keeping up with the course pacing and not waiting to watch the lectures. We were concerned that students may not be disciplined enough to keep pace. Only 15% said that they waited until near exam times to watch the videos.
Students typically only watched the video lectures once. This finding was somewhat surprising because we expected a higher percentage of students would watch the videos multiple times, which is one of the presumed benefits of this delivery format. More surprising, however, was that approximately 30% reported that they rarely or never watched the videos. There was no significant correlation between course grade and the number of times the videos were viewed.
Next, students were asked three questions related to the impact of lecture capture courses on their learning and motivation to learn. Seventy-two percent perceived that they had more control over their learning than they would in a traditional face-to-face class (39% chose "definitely," while another 33% chose "probably"), most likely as a result of being able to watch the videos when and as often as they wished and because they could control the video playback. This finding agrees with several recent studies on the benefits of archived video capture (e.g., Cascaval et al., 2008; Nicholson & Nicholson, 2010) . Forty-three percent also responded that they felt LC enhanced their performance in the course, while only 28% thought that it did not. However, students did not feel that LC enhanced their interest in the course compared to a similar face-to-face course (38% said yes and 41% said that it did not).
When asked to rate their LC experience, 80% indicated that it was as good as or better than in a traditional large lecture class. Sixty-two percent wrote that the flexibility and convenience of LC were what they liked the most about taking the course this way. Seventy-three percent also reported that they would choose to take another LC course. Students most likely to benefit from the flexibility and convenience of LC delivery are slightly older, employed, and/or having family responsibilities.
One question of particular interest to us was how often LC students chose to attend the live lecture, given that this option was available. Would high attendance in the live session invalidate the LC performance results? Of the 402 students who responded to this question, 72% said that they never attended a live session. Another 19% reported that they attended a few times during the semester, and only 8% said they attended most or all of the live lectures. The 8% that attended most or all of the live lectures suggests that, given the class sizes, only about 25-30 students were consistently attending the 280-seat classroom. The instructor confirmed that her classroom was rarely filled, other than during the first week of classes. Thus, the live session was a nice feature for a small number of students, but with the low attendance, we do not feel that the LC group was more like the face-to-face group; thus, we do not feel it is a cause for concern in interpreting the results.
Instructor Ratings
Finally, we were also curious about overall student ratings of the instructor in these two delivery modalities, since they were readily available to us. These ratings were obtained from the standard university course evaluations that are provided at the end of every course. They were obtained each semester for both course delivery formats. The course evaluation used a 5-point scale with categories of excellent, very good, good, fair, and poor. Averaged over both semesters, the overall course ratings of the instructor in the face-to-face sections were 90% positive (combined excellent, very good, and good ratings), with 27% being excellent ratings. In the LC sections, the instructor received 93% positive ratings, with 38% being excellent ratings. Thus, students in the LC sections gave the instructor slightly higher ratings than they did in the face-to-face sections, even with all readings, assignments, and exams being the same, and with very similar lectures provided. This result was somewhat surprising to us. As mentioned, students in the LC were older, more likely to be employed, and there were a higher percentage of females. We are not sure why the demographic differences would produce more favorable responses, but we plan to investigate this finding further. Possibly, students who liked the flexibility and convenience of LC carried these positive feelings over to the instructor?
Conclusions
This research was conducted to determine if the large scale use of instruction employing lecture capture resulted in comparable student performance, withdrawal rates, and student satisfaction relative to face-to-face instruction without lecture capture. The results were quite positive for the lecture capture courses in both student performance and perceptions and suggest that this course delivery modality may be a viable alternative to large section face-to-face instruction and a means to increase course access for students.
Withdrawal rates were higher in the LC sections (5%) compared to the face-to-face sections (2%), which supports previous research. As such, the withdrawal results may reflect that lower level undergraduate students have more difficulty due to being on their own for the first time, needing to learn how to function successfully in college, having less experience with distance learning course formats, and so forth. Previous research on distance learning has shown that successful students typically are older, more independent, and more intrinsically motivated (e.g., Diaz, 2002; Moore & Kearsley, 1996; Sitzmann et al., 2006 ).
Because we could not randomly select students to the two delivery conditions, we realize that this situation could have led to biases in the results. After all, it is conceivable that students who selfselected to take the lecture capture lessons would be more inclined to report positive things about their lecture capture experience. However, our demographic data (Table 2) suggest that the two groups were similar on many attributes, and with the large sample sizes and equivalent performance, we feel that this is not an appreciable problem. Bell, Cockburn, McKenzie, and Vargo (2001) described the importance of flexible instructional delivery, including freeing students from having to be in a particular classroom at a set time. The implications of this flexibility mean that online instructional delivery with lecture capture can increase the potential student population for a particular course, program, or college. It would also increase the potential enrollment of employed students, those with family commitments, the disabled, and life-long learners. Gratton-Lavoie and Stanley (2009) also suggest that online course delivery opens up a competitive education market that may move beyond one geographic area of an intact university to include regional, national, and even international students. Thus, assuming that high quality instructional design is maintained, course size can be increased if technological advances such as automatic exam presentation and scoring, and/or graduate assistants are available for faculty support. Moskal, Caldwell, and Ellis (2009) describe a testing lab that works well for this purpose.
Concerning student perceptions, the majority of LC respondents preferred the added convenience and flexibility of being able to watch lectures whenever and wherever they wished. They also could review material when they missed a live lecture. Students taking courses enhanced with lecture capture systems have more opportunities to learn the material, which may explain positive performance differences that have been reported in some research on lecture capture.
There are several topics that warrant further investigation. It would be valuable to identify the number of video lectures that students actually access during their courses and how often they view them, which would allow one to accurately ascertain relationships between course grade and withdrawal results with video viewing frequency. This technological capability is now becoming more readily available and may provide significant research opportunities.
As technology continues to advance and fiscal constraints persist, especially in larger statefunded institutions, it is comforting to have evidence that student performance is not degraded by lecture capture delivery. It is no cliché that our students tend to be quite technology-savvy and are certainly not averse to registering for lecture capture courses. We believe this trend will continue into the future. Based on initial LC research, including the present study, it is reassuring to note that universities are not short-changing students in response to the changing technology and fiscal limits that we face. Naturally, the preceding sentence is based on the caveat that instruction is well designed.
In conclusion, this research study generally supports the findings of both Moore and Kearsley (1996) and Clark (1983 Clark ( , 1994 . Moore and Kearsley, in discussing distance learning as a whole, stated that "the weight of evidence that can be gathered from the literature points overwhelmingly to the conclusion that teaching and studying at a distance, especially that which uses interactive electronic telecommunications media, is effective when effectiveness is measured by the achievement of learning, by the attitudes of students, and by cost effectiveness" (p. 76). Clark (1983) noted that "the point is made, therefore, that all current reviews of media comparison studies suggest that we will not find learning differences that can be unambiguously attributed to any medium of instruction" (p. 457). More recently, Moskal, Dziuban, Upchurch, Hartman and Truman (2006) added that "the question is no longer whether online education is as good as face-toface instruction, but rather how to prepare and support faculty in the online environment and ensure that students achieve important learning outcomes whether they study in online or face-toface settings or both" (p. 26). Moskal et al. (2006) also posit that "with proper support mechanisms, online learning will grow at significant rates. Success and withdrawal rates will be more than acceptable and student satisfaction will be high." We believe that this applies to online learning using lecture capture as well. 
